Linear exophytic cutaneous lesions (brand keratomas) are a chronic sequel to hot-iron branding in a small proportion of beef cattle in the western United States. Rarely, brand keratomas progress to form large ulcerated masses. Samples of chronically thickened skin were collected from 8 adult cattle with hot-brand lesions and from 2 cattle with ulcerated masses at brand sites. Cutaneous thickening was attributable to abrupt transition from normal haired skin to regular epidermal hyperplasia with marked orthokeratotic hyperkeratosis, acanthosis, hypopigmentation, and loss of adnexae. Epithelial atypia was absent. Normal dermal collagen was replaced by mature granulation tissue containing islands of dense hyalinized collagen. Two cows, aged 5 and 13 years, developed large, slow-growing squamous cell carcinomas at brand sites. Malignancy in branded skin is a rare complication of hot-iron branding in cattle and may arise because of malignant transformation of brand keratomas.
Hot-iron branding of calves in spring and autumn is the traditional method used to identify beef cattle in the western states and provinces of North America. Second-or third-degree cutaneous burns caused by hot-brands leave a permanent, visible mark. Hot-and freeze-brand methods induce local inflammation, with more prolonged, acute responses after hot branding. 13 The development of squamous cell carcinoma at hotiron brand sites is not well documented. The standard large animal dermatology reference text does not mention chronic complications of burns, apart from noting that some horses develop carcinomas after cutaneous burns. 14 Two recent studies reported the occurrence of squamous cell carcinoma or ''papillomas'' (or both) in hot-iron or freeze-branded cattle, sheep, and an American bison (Bison bison). 7, 18 The authors of 1 report speculated that squamous cell carcinomas at brand sites represent malignant transformation of viral papilloma lesions. 18 Chronic, linear, nonulcerated exophytic lesions (brand keratomas or ''hyper-reactive scars'') occur at brand sites in Ͻ1% of adult cattle, with a higher incidence (8%) in some herds (authors' estimate). Diagnosticians occasionally see or hear of malignant neoplasms arising in brand scars. This communication reports the histological appearance of brand keratomas in affected cattle and the occurrence of squamous cell carcinomas at branded sites in 2 cattle.
Over a period of a month, incisional biopsies of brand keratomas were taken from 8 adult Angus and Angus-cross cows (animals numbered [1] [2] [3] [4] [5] [6] [7] [8] restrained for other reasons (pregnancy examination and vaccination). Samples of large, ulcerated, brand site lesions from 2 Angus cows were submitted for histological examination to the Wyoming State Veterinary Laboratory in 2000 (animal no. 9) and 2001 (animal no. 10). The cattle were from commercial ranches in southeastern and northeastern Wyoming. Tissues were fixed in buffered, neutral, 10% formalin and processed routinely for histological examination.
Lesions from cows numbered 1-8 followed the contour of the original brand and were hard, raised, discontinuous, dry, and unpigmented ( Fig. 1 ). Thick lesions had the consistency of digital horn, and fixed lesions were difficult or impossible to cut with a surgical blade, necessitating use of a band saw. Histologically, lesions corresponded to discreet areas of marked, regular epithelial hyperplasia with complete loss of adnexal structures, apart from a narrow band of ectatic sweat glands at the junction of normal and hyperplastic epidermis. Hyperplastic epidermis was 4-5-mm thick (normal bovine epidermis is Ͻ100-m thick) ( Fig. 2) . Thickening was most marked in stratum spinosum and in orthokeratotic stratum corneum. Lesions in cattle with pigmented skin exhibited marked reduction or complete loss of epidermal melanocytes, compared with adjacent haired, pigmented skin. None of the samples from the 8 cows had evidence of cytological atypia and karyomegaly indicative of dysplasia or carcinoma in situ. Mature granulation tissue extended to a depth of up to 3.5 mm and contained islands of hypocellular, hypovascular, lightly stained collagen bundles (Fig. 3 ). Inflammation was essentially absent.
Animal no. 9 was a 5-year-old beef cow that developed a chronic exophytic lesion in the skin of the lateral thorax where she was hot-branded as a calf. The lesion became ulcerated when she was 3 years old and 13-year-old Angus cow with a 10-by 14-cm ulcerated exophytic lesion over the right shoulder where she was hot-branded as a calf. The mass was removed surgically and a full-thickness slice submitted for histolog-ical examination. A similar lesion was removed surgically from the same site a year earlier but was not submitted for laboratory examination. Histopathological examination revealed that lesions from both animals were moderately pleomorphic squamous cell carcinomas, with ulceration, limited dermal invasion, extensive superficial bacterial colonization, heavy plant fiber contamination, and moderate desmoplasia ( Fig. 4) . Brand keratomas and islands of hypocellular, hyalinized collagen were not identified in submitted samples of either mass.
Brand-associated hyperplastic lesions in cattle, progressing in rare instances to squamous cell carcinoma, are poorly documented. Malignant tumors at branded sites generally occur in older cows but some, as in animal no. 9, develop in relatively young animals. Most ulcerated tumors that develop at branded sites are small and inconsequential and are ignored by stockmen. A small proportion becomes extensive, infected, maggot infested, and locally infiltrative, necessitating salvage slaughter. The veterinarian who submitted case no. 10 estimated that he saw 6 cases of brand scar neoplasia in 25 years of large animal practice in Wyoming, although only 1 was examined histologically to confirm its malignant character (animal no. 10; Dr D. Christensen, Powder River Veterinary Clinic, Wyoming, personal communication). Large neoplasms at brand sites may stimulate interest on humane grounds on the part of regulatory agencies, particularly when animals with neglected lesions are submitted for slaughter. Neoplasia has been reported in old burn lesions in horses. 12 The pathogenesis of burnassociated carcinomas in cattle and companion animals has not been investigated. An etiological role was proposed for papillomaviruses, although the orderly differentiation of epithelial cells in brand keratomas is not typical of virus-induced papillomas. 18 Attempts to detect viral DNA in lesions may resolve the purported role of papillomaviruses in brand scar keratomas and carcinomas. The shape of the iron brand and the method and duration of application may be factors in the formation of keratomas.
Burn-scar neoplasia is well known in the human medical literature. 1, 3, 10, 11, 15, 16 Such lesions are referred to eponymously as Marjolin's ulcers, in recognition of a report by Jean-Nicolas Marjolin almost 2 centuries ago. 8, 15 The ascription may be false, according to a review of the eponym, although it was recommended that the term continue to be used. 17 Neoplastic change in burn patients is clinically evident on average 30 years after the original insult, with a range of 8 months to 75 years. 1, 10, 11 Personal heating devices worn or used by people in the Far East induce thermal dermatitis and, in a small proportion, cutaneous carcinomas. 1 Various injuries such as thermal, radiation, and elec-trical burns, vaccination, urinary fistulae, trauma, and chronic ulcers may also induce neoplasms, including squamous and basal cell carcinomas, malignant melanoma, and soft tissue sarcomas. Burn-scar carcinomas most commonly occur in slow healing, deep, extensive wounds that remain irritated for extensive periods. 10 A recent study reported mutations in p53 in 4 of 5 human soft tissue sarcomas arising in old burn scars. 9 The authors speculated that missense mutations arise in conserved regions of p53 because of the effects of oxygen radicals generated during inflammation. Burnscar carcinomas were fatal in 1 of 3 affected patients, according to 1 large retrospective study. 10 Generally, the clinical course is indolent, and dissemination by way of lymph nodes is slow to occur. Two types of squamous cell carcinoma are recognized in human burn patients: the more common flat indurated infiltrative tumor, which tends to metastasize earlier, and raised exophytic masses, which are slower to undergo metastasis. Both cattle in this study had exophytic masses. Marjolin's ulcers became rare in people in affluent societies once more effective burn treatment, especially skin grafts, became available. 1 Chronic, raised nonneoplastic cutaneous lesions known as hypertrophic scars develop in some human burn patients and are due to the formation of thick bundles of collagen in distinctive whorled patterns. 2, [4] [5] [6] In contrast, hyperplasia in branded cattle is essentially confined to the epidermis and therefore is the major factor responsible for gross enlargement. Pseudoepitheliomatous hyperplasia occurs in old burns in some humans, but, unlike cattle, the former exhibits hornpearl and peg formation. 10 The organization of islands of hyalinized dermal collagen in branded cattle lacks the whorled features of hypertrophic scars in humans. It resembles some histological features of human keloid, particularly the pale, glassy character of collagen bundles and the paucity of fibroblasts. 2 The pathogenesis of brand keratoma and brand carcinoma would benefit from additional study.
